This presentation reviews the literature regarding the current surgical treatment of perforated ulcers, describes the surgical techniques for laparoscopic repair, and reviews the clinical algorithm used by laparoscopic surgeons at Duke University Medical Center.
INTRODUCTION
The presentation of a patient with a perforated duodenal ulcer requires that a surgeon make a series of clinical decisions. In 1992, Feliciano 1 described 5 decisions facing the surgeon in this situation. Those decisions are as follows: (1) Is the performance of an operation indicated? (2) Is an omental plication sufficient or is a definitive ulcer operation indicated? (3) Is the patient stable enough to undergo a definitive ulcer operation? (4) Which definitive ulcer operation is indicated? (5) Should the availability of newer medical options influence the choice of operation? The successful development of advanced laparoscopic skills and procedures during the past decade begs a sixth question: (6) Should the procedure be performed laparoscopically or by laparotomy?
Sixty-two years ago, Roscoe Graham in a landmark treatise "A Surgeon's Problem in Duodenal Ulcer" declared duodenal ulcer to be not a local disease but a local manifestation of a constitutional disturbance. He highlighted 3 factors that would affect the treatment outcome of perforated duodenal ulcers: correction of the biochemical disturbance caused by the perforation and peritonitis, subsequent surgery to close the acute perforation, and a well-regulated medical regimen. 2 Over the years, with improved understanding of the pathogenesis of duodenal ulcers and with phenomenal advances in surgical expertise, intensive care and pharmacological management, the basic principles remain unchanged. If the goal of surgery is simple closure of the perforated duodenal ulcer and if this can be achieved safely with minimally invasive techniques, it is no doubt the desired approach. Since the first description of laparoscopic management of perforated duodenal ulcer in 1990, 3 several studies have sought to determine the feasibility and safety of this approach. [4] [5] [6] [7] [8] This presentation reviews the current literature, the various laparoscopic techniques, and the recommendations for successful management of a perforated duodenal ulcer. macological intervention. This can be attributed to the efficiency of histamine 2 (H 2 ) blockers and proton pump inhibitors. Additionally, the diagnosis and eradication of Helicobacter pylori (H. pylori) infection, now known to be a major factor in the pathogenesis of peptic ulcer disease, has almost eliminated the role of surgery in the elective management of peptic ulcer disease. However, the incidence of perforated duodenal ulcers has either remained the same 9 or has been increasing with the resultant increase in the incidence of emergency surgery. 10 Although the use of potent H 2 blockers and proton pump inhibitors has caused a marked decline in the incidence of peptic ulcer perforation, no such decline has been seen in the eradication of H. pylori infection. 11 Patients with perforated duodenal ulcers include those with acute ulcers, such as patients on nonsteroidal antiinflammatory drugs (NSAIDs) and those with chronic ulcer disease who are refractory to or noncompliant with medical treatment. Another contributing factor to the increased incidence of complications of duodenal ulcer is the decrease in elective anti-ulcer surgery. 12 Patients presenting with an acute abdomen suggestive of a perforated duodenal ulcer are generally between 40 and 60 years of age although the number of patients over the age of 60 has been gradually increasing. 13 Approximately 50% to 60% of these patients have a history of peptic ulcer disease, 14, 15 while a smaller number have a history of use of NSAIDs. 16 The odds ratio for NSAID use is substantially increased for perforations, 17 and simultaneous use of multiple NSAIDs as well as use of a single individual NSAID at high doses has been implicated. H. pylori infection and NSAID use are 2 independent risk factors associated with perforated duodenal ulcers, and the lack of duodenitis in NSAID users as compared with those with H. pylori infection suggests a differing pathogenesis. 18 The use of crack cocaine has also led to an increase in perforated ulcer disease, 19 and giant duodenal ulcers have a strong association with stimulant abuse. 20 
OPERATIVE MANAGEMENT OF PERFORATED DUODENAL ULCER
Surgery is the mainstay of management of a perforated duodenal ulcer. In the past, the high mortality rate following surgery for a perforated duodenal ulcer 21 led to the emergence of nonoperative management. 22 Berne et al 23 have studied the nonoperative management of patients with perforated duodenal ulcers, with sealing of perforation documented by upper gastrointestinal radiographs with water-soluble contrast. With improved perioperative care, the morbidity and mortality of surgery for perforated peptic ulcer disease has decreased, and a comparative randomized study 24 has shown no difference in the morbidity or mortality in the surgical and nonsurgical groups. However, the length of hospital stay was significantly increased in the nonsurgical group. Failure of nonsurgical treatment was higher in patients over the age of 70 (67%), compared with only 16% in younger patients. Today, nonoperative management is usually reserved for the terminally septic patient.
INVESTIGATIONS
The evaluation of patients suspected of having a perforated duodenal ulcer routinely involves obtaining a history and a thorough physical examination, white blood cell count, and abdominal films. Some centers perform abdominal ultrasonography, or computerized tomography (CT) scans, 8 in lieu of upper gastrointestinal studies. With current radiological techniques, 80% to 90% of cases are correctly diagnosed in most institutions. Approximately 5% to 10% of patients experience shock, with a mean arterial pressure of less than 80 mm Hg. This group of patients must be resuscitated, 15 and the final decision regarding the mode of intervention made after assessing the response to the resuscitation efforts.
LAPAROSCOPIC INTERVENTION
Mouret et al 3 first described laparoscopic intervention for perforated duodenal ulcers in 1990. Subsequently, this approach has found wide acceptance and has been successfully incorporated into the surgical armamentarium at many hospitals. Laparoscopic management has obvious benefits in reducing the size of the incision resulting in better cosmesis, reducing the incidence of postoperative wound infection, and the occurrence of incisional hernias. Formation of intraperitoneal adhesions is potentially reduced, although randomized studies to address this question have not been conducted. When faced with a patient with suspected or documented perforated ulcer disease, the surgeon should now consider whether the procedure should be performed laparoscopically. The major factor in this decision-making is the laparoscopic expertise of the surgeon. This has been the determining factor for patients being managed laparoscopically in a majority of studies. 7, 15, 25 Advanced laparoscopic methods, increasingly available to young surgeons and residents, are available at most hospitals. Several studies have shown laparoscopic management of a perforated duodenal ulcer to be a feasible and safe alternative to open surgery. 8, 7, 26 An overview of several studies comparing the open and laparoscopic approaches in the management of a perforated duodenal ulcer is summarized in Table 1 .
LAPAROSCOPIC TECHNIQUES
The patient is positioned in a 15-to 20-degree reverse Trendelenburg position. The surgeon stands on the patient's right or between the patient's legs with an assistant on each side. Carbon dioxide pneumoperitoneum (12 to 15 mm Hg) is established through an umbilical incision with either a Veress needle or a Hassan cannula and a 30-degree angled laparoscope introduced through a 10-mm port. A port is introduced in the epigastrium for liver retraction or retraction of the gallbladder, and 2 working ports are introduced in the right mid and lower abdomen. Peritoneal lavage is one of the key interventions in the management of a perforated duodenal ulcer, and meticulous lavage consumes the bulk of the operative time. Lavage is performed with 6 to 10 liters of warm saline. The supra-and subhepatic spaces, the lateral gutters, the left subdiaphragmatic space, and the pelvic cavity are irrigated thoroughly in the dependent position. As a diagnostic tool, laparoscopy is extremely valuable, and a careful evaluation of the peritoneal cavity is routinely performed. Studies show that it is not difficult to identify the perforated duodenal ulcer in the majority of cases; 27 however, one of the more common causes of conversion to open surgery is the inability to adequately localize the ulcer. 8, 26 Perforations on the lateral wall of the second part of the duodenum may occasionally require mobilization of the duodenum to clearly visualize the extent of the perforation. Inflammatory adhesions can be divided with electrocautery, blunt or sharp dissection, or ultrasonic dissection. 15 Walsh et al 28 used laparoscopy to confirm their diagnosis of perforated duodenum. If perforation was confirmed and the presence of a naturally occurring omental plug was demonstrated, the plug was left undisturbed and peritoneal lavage was completed. Omentopexy was reserved for ulcers without a plug. Urbano et al 5 successfully treated 5 of 6 cases of perforated duodenal ulcer with peritoneal lavage and placement of drains in the peritoneal cavity. In spite of a delayed presentation of greater than 12 hours following the perforation in 3 of JSLS (2002)6:359-368 361 5 patients, these patients improved with surgery and were discharged in 7 days. A number of studies 7, 15, 26, [29] [30] [31] use omentopexy alone in the laparoscopic management of perforated duodenal ulcers. Three sutures are taken through viable duodenum on either side of the perforation and tied to close the perforation (Figure 1) , and omentum is secured across the perforation (Figure 2) . Some authors have sutured the falciform ligament over the perforated ulcer. 32 Sutureless techniques of laparoscopic repair of perforated duodenal ulcers eliminate the need for laparoscopic suturing and have been shown to decrease operative time. 25 These include the use of a piece of gelatin sponge shaped into a cone and placed into the ulcer with prewarmed fibrin sealant injected around the plug, 33 the use of fibrin glue alone to seal the hole with omentum, 3, 34 or the use of a plug of ligamentum teres. Although several studies report routinely draining the site near the perforation or the subhepatic spaces, 8, 14 others do not. 15 Operating time was slightly longer in the laparoscopic group, 14,35 but familiarity with laparoscopic skills and widespread availability of good irrigation and suction apparatus should result in decreased operating times. 
INDICATIONS FOR CONVERSION OF A LAPAROSCOPIC PROCEDURE TO AN OPEN PROCEDURE
Cardiovascular instability has been a previously published indication for conversion to an open procedure. Relative indications for conversion include an ulcer greater than 6 mm in diameter or an ulcer with extremely friable edges, 15 posterior location of the ulcer, inadequate localization, and rarely inadequate instrumentation. 8 Presence of a perforated gastric ulcer 36 363 tation (50% conversion rate in patients in shock as opposed to an 8% conversion rate in patients without shock) and the time lapse between perforation and presentation (33% conversion rate in patients presenting more than 24 hours after perforation, compared with no conversion in patients presenting earlier than 24 hours after perforation). 15 
POSTOPERATIVE MANAGEMENT
All patients had nasogastric suction postoperatively for approximately 24 hours, and oral intake was resumed after ileus resolved. Antibiotics were administered for 5 days, 5 or until fever subsided. H2 blockers were started in the immediate postoperative period. 7, 14 While the Visick scores between open and laparoscopic groups were comparable, a significant decrease occurred in the need for analgesics in the laparoscopic groups. 7, 14 Naesgaard et al 26 did not see this decrease in need for analgesia in the first 10 postoperative days. It was felt that the pain from peritonitis regulated the need for analgesics more than the pain from incisions. No statistically significant differences were noted between the 2 groups with regard to length of hospital stay or of return to work, 7,26 but postoperative comfort was subjectively increased and noticed by most laparoscopic surgeons. 8 Postoperative complications in most studies increase with an increase in mean age at presentation, shock at the time of presentation, presentation delayed for more than 24 hours, and confounding medical conditions. However, prospective randomized controlled studies will be needed to determine whether in this group of patients open versus laparoscopic management shows a significant difference in outcome.
TREATMENT OF H. PYLORI INFECTION
In 1995, Sebastian et al 37 reported a high prevalence of H. pylori infection in patients with perforated duodenal ulcers, and persistent infection was found to be associated with persistent ulceration. H. pylori seropositivity rates are similar in patients with peptic ulcer disease, with or without complications, indicating that H. pylori infection is not necessarily associated with increased severity of the disease. 38 Eradication of H. pylori infection in the postoperative period is critical because the recurrence rate following complete eradication of H. pylori is dramatically decreased, 39, 40 thus negating the need for definitive anti-ulcer surgery. Although some studies 7 identify H. pylori status and treat it only in cases of persistent or recurrent disease, others give all patients with perforated duodenal ulcers a full course of anti-H. pylori treatment. 31
PERITONITIS AND INSUFFLATION
CO 2 insufflation of the peritoneal cavity in the presence of peritonitis has been shown in rat models to cause an increase in bacterial translocation 41, 42 from the peritoneal cavity to the bloodstream. Although laparoscopic intervention would have been thought to be unsafe, such is not the case, and several studies have documented that laparoscopic surgery is to be safe even in the presence of peritonitis. 14,31 However, the incidence of postoperative pneumonia was significantly higher in patients undergoing laparoscopic repair of a perforated duodenal ulcer as compared with the open procedure. 26 This pulmonary complication could not be attributed to time from perforation, because the time interval was the same in both groups. Controlled trials to study the effects of pneumoperitoneum on infectious complications will be necessary to more clearly define the true risks and benefits of laparoscopic repairs. Differences if any between patients undergoing open surgery and patients initially explored laparoscopically and subsequently converted to open 43 may also shed more light on this problem.
DEFINITIVE SURGERY
Today, surgery for peptic ulcer disease is aimed at treating the complications of the disease rather than curing the disease itself. 44 Earlier studies 45 had shown an 85% recurrence rate in patients with perforated duodenal ulcer (mean age of 44 years) treated with simple closure alone and concluded that ulcers expected to run a chronic course should be treated with definitive surgery and that acute ulcers should be treated by simple closure. Perforated duodenal ulcers secondary to the use of crack cocaine are caused by ischemia of the gastric mucosa and treatment of these ulcers does not require an acid-reducing operation. 19 Definitive surgery is now indicated for patients unable to afford long-term medical management, 46 those known to be noncompliant, or patients with hemorrhage accompanying the perforation. 47 Occasionally, pyloroplasty is required when the pylorus is narrowed, especially following simple closure. Several groups have rigorously undertaken endoscopic follow-up at regular intervals. Definitive acid reducing anti-ulcer surgery at the time of perforation is felt to be unnecessary due to the effectiveness of H 2 blockers and proton pump inhibitors and because eradication of H. pylori infection is possible. Evaluation for H. pylori should be conducted postoperatively and infected patients treated with combined medical therapy. Definitive surgery will be needed in only a minority of those patients who relapse after appropriate medical therapy. Further studies of perforated duodenal ulcers secondary to NSAID use are also needed to help define which patients require definitive surgery for ulcer disease.
A follow-up study of elderly patients (age > 70) treated with simple closure of a perforated duodenal ulcer showed a recurrence rate of 14% among survivors. 48 With a 27% mortality at 30 days and an in-hospital mortality of 30%, the conclusion was that simple closure of the perforated ulcer was adequate treatment in the elderly. Even in a younger age group, definitive surgery may not be indicated at the time of repair of the perforation. When needed, vagotomy and other modalities of definitive surgery, such as posterior truncal vagotomy and anterior linear gastrectomy, can be safely undertaken laparoscopically. [49] [50] [51] [52] 
DUKE UNIVERSITY MEDICAL CENTER (DUMC) APPROACH TO MANAGEMENT OF THE PERFORATED DUODENAL ULCER
At the Duke University Medical Center, nonoperative management is limited to terminally septic patients, those with prohibitive surgical risk, or poor surgical candidates with documented contrast studies showing that the perforation has completely sealed. An open surgical approach is chosen for patients with a hostile or frozen abdomen that would prevent safe access, combined perforation and bleeding in the unstable patient, or the presence of comorbid cardiovascular or respiratory factors that compromise a patient's ability to tolerate a pneumoperitoneum. Another consideration is the lack of a surgeon's experience with advanced laparoscopy or a surgeon's decision based on the availability of trained operating room personnel and equipment. At laparoscopy, if the ulcer edges will not hold sutures adequately, repair is accomplished with a sutured omental patch only (Figure 3) . Suture repair of viable opposable edges of the duodenal perforation is carried out as shown in Figure 4A , and reinforcement with an omental patch is undertaken. Figure 4B shows a cross-sectional view of omentum used alone to seal the perforation. The DUMC approach to management of perforated duodenal ulcers is outlined in the algorithm in Figure 5 .
CONCLUSIONS
The need for surgical management of peptic ulcer disease in the elective setting has markedly decreased. In patients who need elective surgery, most definitive surgery can be performed safely with laparoscopic techniques. Surgery continues to play a key role in the management of perforated duodenal ulcers in all but the most terminally septic patients. Successful management involves recognition and attention to 3 key factors: the patient's clinical status, the characteristics of the perforation, and the pathogenesis of the ulcer disease. Meticulous attention to resuscitation and treatment of confounding medical conditions, surgery for peritoneal lavage and repair of the perforation, and a strict postoperative medical regimen to treat the ulcer diathesis contribute towards the outcome. Often, the laparoscopic approach to repair the perforated duodenal ulcer is appropriate. Several studies have shown that laparoscopic intervention is safe, feasible, and cosmetically appealing. Laparoscopic repair of a perforated duodenal ulcer has resulted in less opiate analgesia use, but the open and laparoscopic groups currently have similar reported outcomes. 31,53 A randomized study 54 comparing the acute phase response in patients with perforated ulcer undergoing laparoscopic or open repair concluded that the laparoscopic approach does not lead to the reduction in acute stress seen in elective surgery. As with most laparoscopic surgery, a decreased incidence is seen in postoperative wound infection and subsequent hernia formation. The subjective comfort following laparoscopic surgery has been noticed by patients and surgeons alike. Information regarding time of presentation in relation to the perforation is critical when considering the mode of surgical intervention, and these data can be reliably obtained from a majority of patients. Patients presenting in shock or presenting more than 24 hours following the perforation have increased morbidity and mortality. Here, laparoscopic intervention should be used with caution because the risk of hemodynamic instability is higher, with an increased tendency towards bacterial translocation following insufflation of the peritoneal cavity and an increase in the conversion rate. Prospective randomized trials will be needed to determine whether these factors are unique to the laparoscopic mode of intervention. Today, the patient with a perforated duodenal ulcer presenting for surgery tends to be older, sicker, or using NSAIDs as opposed to his counterpart 15 years ago. This patient population can benefit from the appropriately applied laparoscopic approach of surgical intervention. Further trials are needed to evaluate parameters that determine optimal safety of surgical approaches in this patient group.
